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Rabies, described as early as the
23rd century b.c., may be one of the
oldest recorded infectious diseases
of mankind [1], It is a fatal infection
caused by a highly neurotropic,
bullet-shaped, single-stranded RNA
virus {2]. Rabies causes more than
40,000-60,000 deaths worldwide
each year, primarily in countries in
which canine rabies is endemic and
the delivery of health care is difficult
{3,4]. In the United States, human
rabies is rare; just 27 deaths have
occurred since 1990 (5,6]. Neverthe-
less, the scarcity of cases of human
rabies does not minimize its impor-
tance to public hezlth nor the fear it
instills in individual patients who
are potentially exposed.

The epidemiology of human ra-
bies is ultimately linked to cycles of
rabies virus transmission in ani-
mais. The low rate of human infec-
tion is due to animal control, ani-
mal vaccination programs, and the
effective application of human pre-

exposure and postexposure pro-'

phylaxis. In combination, these ef-
forts cost more than $300 million
annually (7), and each year be-
tween 16,000 and 39,000 people re-
ceive postexposure prophylaxis in
the United States [8]. This article ad-
dresses some common questions
about rabies and its prevention.

1

Before depanting for rural Latin
America to study, a graduate stu-
dent questions whether she should
receive primary rabies vaccination.
Who should receive the
primary or preexposure
vaccination?

Preexposure prophylaxis, given by
the intradenmal (ID) or intramuscular
(IM) route, is indicated for certain
high-risk groups (Table 1){9). The de-
cision to give preexposure prophy-
laxis to travelers is complicated by
several factors: a very low incidence
of rabies reported in travelers, the rel-
atively high cost of preexposure ra-
bies prophylaxis (in excess of $300),
and the need to begin the vaccination
series at Jeast 3 weeks before depar-
ture [10l. Neventheless, preexposure
prophylaxis should be considered for
international travelers who are likely
o come in contact with animals in ar-
eas where canine rabies is present
and where immediate access to ap-
propriate medical care, including safe
and effective biologic agents, may be
difficult. One source of information
on rabies in various geographic re-
gions is the Centers for Disease Con-
trol and Prevention Travelers’ Health
website (11},
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Preexposure prophylaxis simpli-
fies postexposure prophylaxis by
eliminating the need for rabies im-
munoglobulin (RIG) and may pro-
vide a measure of protection in the
event that a true exposure is not
recognized. It does not eliminate
the need for appropriate wound
treatment and additional vaccina-
tions in the case of a known expo-
sure. Routine serologic testing 10
confirm seroconversion is not nec-
essary except in the case of
immunocompromised individuals.
Chloroquine has been noted to re-
duce the patient’s response to the
vaccine. Therefore, if the patient re-
ceives ID administration of preex-
posure prophylaxis, it must be
completed before the initiation of
antimalarial treatment. If the patient
is already taking antimalaria med-
ications, he or she should receive
IM administration of the vaccine [9].

2

A missionary traveling to Southeast
Asia to perform bealth care work
wonders whether the rables vaccine
is available should be need it.
What types of rabies
biologic agents are available
abroad?

Celi culture vaccines are clearly the
standard; they are effective and
well tolerated. In the United States,
human diploid cell  vaccine
(HDCV), rabies vaccine adsorbed
(RVA) derived from fetal rhesus
lung diploid cell, and purified chick
embryo-cell vaccine (PCEC) are
available, Other cell culture vac-
cines used outside the United States
include purified Vero-cell rabies
vaccine and purified duck-embryo
vaccine. In addition, many coun-
tries still use vaccines produced
from animal nerve tissue that have
a high rate of adverse reactions
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TABLE 1. Rabies preexposure prophylaxis guide, United States, 1999

N ratamang

Naturn af rick

Tvnical nooulations

.Preexnosure recommendations .

————

Virus present continuousty,
often in high concentrations;
specific exposures likely

RAUIC) IEXCAILI latnnacsy

production workers

to go unrecognized;
bite, nonbite, or aerosol

exposure
Frequent

Exposure usually episodic, with
source recognized, but
exposure may also be
unrecognized; bite, nonbite,

or aerosol expasure

Infrequent (greater than
the population at large)

Rare (population at large)

Exposure nearly always
episodic with source
recognized; bite or
nonbite exposure

Exposures always episodic
with source recognized;

workers?; rabies biologic agents

Rabies diagnostic laboratory workers,?
spelunkers, veterinarians and staff,
and animal-control and wildlife
workers in rabies enzootic areas

Veterinarians and animal-control
and wildlife workers in areas
of low rabies rates; veterinary
students; travelers visiting areas where

1inna y LAV IS, FOTSIRIEI.
testing every 6 mo; * ..
booster vaccination if
antibody titeris
below acceptable level?

Primary course; serologic testing
every 2 y; booster vaccination
if antibody titer is below ~
acceptable level?

Primary course; no serologic
testing or booster vaccination

rabies is enzootic and immediate
access to appropriate medical care
including biologic agents is limited

bite or nonbite exposure

U.S. population at large, including
persons in rabies epizootic areas

No vaccination necessary

2 Judgment of relative risk and extra monitoring of vaccination status of laboratory waorkers is the responsibility of the laboratory supervisor (9).
& Minimum acceptable antibody level is complete virus neutralization at a 1:5 serum dilution ratio by rapid fluorescent focus inhibition test. A
booster dose should be administered if the titer falls below this level. :

(neuroparalytic reactions in 1 per
200-2000 persons vaccinated). Pu-
rified equine RIG has been used ef-
fectively in countries where human
RIG is not available. Travelers
should be aware that in some areas,
unpurified antirabies serum of
equine-origin immunoglobulin may
be offered and is associated with a
high rate of serious adverse reac-
tions, including anaphylaxis (3,9].

3

A pet owner asks if she should ob-
tain rabies vaccination because she
believes saliva was transferred to
ber bands while playing with ber
dog that bad killed a rabid raccoon
earlier that day.

What constitutes a rabies
€xposure?

Rabies is transmitted when the virus
is introduced into bite wounds,
through breaks in the skin, or onto
Mucous membranes. Three ques-
tions to ask are the following: (1)
Was the person bitten?; (2) Did

saliva or central nervous system ma-
terial from a potentially rabid animal
contaminate an open wound or mu-
cous membrane?; and (3) Was the
animal in question a bat? (see ques-
tion 4). If all can be answered “No,”
then no exposure occurred and
postexposure prophylaxis is not re-
quired. Petting a rabid animal and
coming into contact with blood,
urine, or feces of a rabid animal do
not constitute exposures and are not
indications for prophylaxis [9]. If the
answer to at Jeast one of these ques-
tions is “Yes,” then exposure 1o ra-
bies is a possibility, and the likeli-
hood that the animal has rabies
must be considered (Table 2) [9].
Questions often arise regarding
contact with saliva. In general, if
the material containing the virus is
dry, it can be considered noninfec-
tious; the rabies virus is inactivated
by desiccation and ultraviolet radi-
ation. Rabies cannot be transmitted
from an animal that does not have
active infection. Infectious material
(saliva or neural tissue) would have
to get in the mouth or on the claw

of that animal (the dog in the above
scenario) and then promptly intro-
duced through the skin or onto
mucous membranes. This would
be only remotely feasible in an im-
mediate sequential exposure, and
such a case has never been de-
scribed. Local and state health de-
partments can assist in deciding the
likelihood that an animal has rabies
and whether postexposure pro-
phylaxis is indicated. Animals ex-
posed to rabid animals need to be
evaluated by a veterinarian and re-
ported to the local health depart-
ment immediately [12].

4

Waking their 16-month-old son in
the morning, parents find a bat in
the corner of the room and they
question whether the child needs to
be seen by a doctor.

Why is there a concem
about bats?

Excluding dog bites that occurred
outside of the country, 22 (71%) of
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the 31 human cases of rabies in the
United States since 1980 have been
associated with bat rabies virus
variants. - Akhough the histories
sometimes. ¢conflict, of the 22 pa-
tients with rabies, only two re-
ported a bat bite, 10-12 had appar-
ent contact with bats (many with
which saliva, teeth, or other contact
likely occurred), and 8-10 reponted
no exposure to bats or other
sources of infection [6,9]. In these
latter cases, an unreported or un-
detected bat bite remains the most
plausible hypothesis. Therefore,
postexposure prophylaxis should
be considered when direct contact
between a person and a bat might
have occurred, unless the person
can be certain that a bite, scratch,
or mucous membrane exposure
did not occur; for example, con-
sider the potential for direct contact
in situations in which a sleeping
person wakes to find a bat in the
room or an adult witnesses a bat in
the room with a previously unat-
tended child, mentally disabled
person, or intoxicated person [9].
Examination for a bite wound
alone is inadequate {13]. If, as in the
example above, the bat in question
is available for testing, and a clear
exposure has not occurred, initia-
tion of postexposure prophylaxis

may be delayed 2448 hours for
testing of the bat. If a bite or other
clear exposure occurs, postexpo-
sure prophylaxis should begin im-
mediately and may be discontin-
ued if laboratory testing shows that
the bat is not rabid (14].

5

Camping scouts notice several bats
JSluttering in the trees above them.
Toeir adult leader wonders whether
they should receive treatment.

Can rabies be transmitted by
aerosol transmission?

Although nonbite routes of infec-
tion are possible, they are exceed-
ingly rare and not applicable to
usual public exposures. There have
been two reports of rabics trans-
mission to laboratory workers.
Both workers were exposed to
concentrated acrosols of the rabies
virus [15). In the 1950s, two cases
of purported aerosol transmission
to humans were associated with
Frio Cave, Texas, which was in-
habited by millions of bats. Al-
though the patients did not recall a
bite before they died, complete ex-
clusion of a bite is not possible [16).
The conditions which
aerosol transmission might occur

under

TABLE 2. Rabies postexposure prophylaxis guide, United States, 1999
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are rare and unique, and it would
be extremely unusual for them to
be applicable to public exposures.
Merely secing a bat or being in the
vicinity of bats does not constitute
an exposure.

6

A nurse calls asking whether she
should administer postexposure
prophylaxis intradermally to a pea-
tient bitten by a rat.

How is secondary or
postexposure prophylaxis
administered?

Rabies prophylaxis in the setting of
exposures to small mammals, in-
cluding rodents, lagomorphs (rab-
hits and hares), and insectivores
(e.g., shrews), is almost never re-
quired (Table 2), These animals are
not reservoirs, and there have been
no documented cases of rabies
transmission 1o humans by these
animals (9], If there is a question, 2
call to the local or state health de-
partment may be helpful.

When postexposure prophylaxis
is required, all doses of the vacdine
are given in the deltoid area by IM
administration (anterolateral thigh
is acceptable for small children).
The gluteal arca should not be

Animal type

Evaluation and disposition of animal

Healthy and available for 10 d of observata

Rabid or suspected rabid
Unknown (e.g., escaped)

Regard as rabid unless animal is
proven negative by laboratory tests?

Consider individually

Skunks, raccoons, foxes, and
maost other carnivores; bats

Livestock, small rodents,
lagomorphs {rabbits and
hares), large rodents (wood-
chucks and beavers), and
other mammals

Postexposure prophylaxis recommendations

Should not begin prophiylaxis unless animal dheveliaps

climical signs of rabies

Immaediately vaccinale
Coneult pehlic health officials

Consider immediate vaccination
Consult public health officials; bites of

squirrels, hamsters, guinea pigs, gerbils,
chipmunks, rats, mice, other small rodents,
rabbits, and hares almost never require
antirabies postexposure prophylaxis

# During the 10-day observation period, begin postexposure prophylaxis at first sign of rabies in a dog, cat, or ferret that has bitten someone. i
the animal exhibits clinical signs of rabies, it should be euthanized immediately and tested.
b The animal should be euthanized and tested as soon as possible. Holding for observation is not recommended. Discontinue vaccine if im-
munofluorescence test results of the animal are negative.
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used. For those who have had prior
vaccination (with HDCV, RVA, or
PCEC, or who have a documented
history of antibody response to
other vaccines), only two doses
are required and RIG should not be
used. For those who did not receive
a vaccine previously, RIG should
be thoroughly infiltrated around the
wound area. Any remaining RIG
should be injected by IM adminis-
tration at a site distant from where
the vaccine was administered. 1If
RIG was not given when vaccina-
tion was begun, it can be adminis-
tered through the seventh day after
vaccination was started. Beyond
the seventh day, it is not indicated
(Table 3). Although no controlled
trials have been performed, exten-
sive experience from many parts of
the world indicates that postexpo-
sure prophylaxis, consisting of local
wound treatment, passive immu-
nization (RIG), and vaccination, is
effective if given in an appropriate
and timely manner [9).
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5

A student is bitten by a neighbor’s
dog on the way to school and pre-
sents to the emergency department
Sfor wound ireatment. The emer-
gency department providers won-
der whether a rabies vaccination is
needed at this time.

When can rabies

prophylaxis be delayed
while animals are held for
quarantine and observation?

A healthy dog, cat, or femet that
bites a person should be confined
and observed for 10 days. Any ill-
ness in the animal should be re-
ported immediately to the local
health department and evaluated
by a veterinarian. If the animal re-
mains healthy, patients do not
need to begin rabies prophylaxis. If
the biting dog, cat, or ferret is a
stray animal, it should either be ob-
served for 10 days or be euthanized
immediately and submitted for rabies

TABLE 3. Rabies postexposure prophylaxis schedufe, United States, 1999

examination. The management. of
animals other than dogs, cats, and

ferrets depends on the species, the -
circumstances of the bite, the epi- .
demiology of rabies in the area, the

biting animal’s history and current

health status, and the potential for

exposure to rabies, Public health

and animal control officials can as-

sist in these actions and decisions

[9,12].

8

A physician calls the state health
department inquiring whether she
should request rables diagnostic
tests on a comataose patent,

When should a diagnosis of
rabies be considered, and
what specimens should

be sent?

Rabies should be considered in the
differential diagnosis of any patient
who presents with acute progress-
ing encephalopathy of unknown

Vaccination status

Treatment

Regimen?

Not previously vaccinated

RIG

Vaccine

Previously vaccinated?

RIG
Vaccine

Wound cleansing

All postexposure treatment should begin with immediate thorough cleansing of
all wounds with soap and water; if available, a virucidal agent such
povidone-iodine solution should be used to irrigate the wounds

Administer 20 1U/kg body weight; if anatomically feasible, the full dose
should be infiltrated around the woundis), and any remaining volume
should be administered IM at an anatomical site distant from vaccine
administration; also, RIG should not be administered in the same syringe
as vaccine; because RIG may partially suppress active production of
antibody, no more than the recommended dose should be given

HDCV, RVA, or PCEC 1.0 ml, IM (deltoid area®), one each on

days 0¢3, 7, 14, and 28.

All postexposure treatment should begin with immediate thorough cleansing

of all wounds with soap and water; if available, a virucidal agent such
povidone-iodine solution should be used to irrigate the wounds

RIG should not be administered

HDCV, RVA, or PCEC 1.0 mL, IM (deltoid area?, one each on days 0¢ and 3.

Note. Abbreviations used: HDCV, human diploid cell vaccine; PCEC, purified chick embryo-cell vaccine; RIG, rabies immunogiobulin; RVA,

rabies vaccine adsorbed; IM, intramuscular.
*These regimens are applicable for all age groups, including children.
b The deltoid area is the only acceptable site of vaccination for adults and older chi

may be used. Vaccine should never be administered in the gluteal area.
¢ Day 0 is the day the first dose of vaccine is administered.

9 Any person with a history of preexposure vaccination with HDCV, RVA, or PCEC; prior poslexposure praphylaxis with HDCV, RVA, or PCEC;
or previous vaccination with any other type of rabies vaccine and a documented history of antibody response to the prior vaccination.

Idren. For younger children, the outer aspect of the thigh
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cause. The lack of an exposure his-
tory should not deter pursuing the
diagnosis, since most patients in the
United States have no definitive ex-
posure history [5]. Once symptoms
of rabies begin, the natural history is
rapid. clinical deterioration and
death. Patients with encephalopa-
thy who are dlinically improving
generally do not need rabies testing.

If rabies is suspected, samples
that should be sent for study in-
clude nuchal skin biopsy, saliva,
serum, and cerebrospinal fluid,
The postmortem diagnosis of ra-
bies is determined by an examina-
tion of brain tissue. Because of the
rarity of the disease and lack of ef-
fective treatment, an antemortem
brain biopsy is not indicated. How-
ever, biopsies performed for other
diseases (e.g., herpesvirus en-
cephalitis), if negative, can be
tested for evidence of rabies virus
infection [2).

9

An emergency department doctor
sees a patient with an infected rac-
coon bite 6 weeks afier the bite oc-
curred and questions whether it is
still useful to adminisier rabies pro-
phylaxis.

How long after an exposure
would prophylaxis still be
considered?

Treatment with RIG and the vaccine
should be given immediately if the
exposure was of high risk. The usual
incubation period for rabies in hu-
mans is 3-8 weeks [4,17). However,
incubation periods of 6 years or
longer have been documented {18].
Thus, if a true exposure has oc-
curred, prophylaxis (including RIG)
should still be given, regardless of
the length of time between exposure
and clinical presentation for evalua-
tion, although no studies on the effi-
cacy of such treatment are available.

10

A motber whose daughter bas been
scratched by a stray cat wonders
what the risk of the RIG and vac-
cine is for ber child.

What are the adverse
reactions of the RIG and
vaccine?

With HDCV, local reactions (pain,
erythema, swelling, itching) have
been commonly reported (30%—
74%). Systemic reactions (headache,
dizziness, abdominal pain, nausea,
muscle aches) have been reported
in 5%40% of recipients. Three
cases of neurologic illness resem-
bling Guillain-Barré syndrome that
resolved without sequelae within 12
weeks have been reported. Rare re-
ports of other nervous system disor-
ders have been temporally associ-
ated with the HDCV vaccine, but a
causal relationship has not been es-
tablished. There is no evidence that
any viruses have ever been trans-
mitted by commercially available
RIG in the United States [9].

Of note, rabies is almost always
caused by a bite; nonbite exposures
rarely cause rabies. Local or state
public health officials should be con-
tacted about the prevalence of rabies
in any given area and the need to
administer prophylaxis for scratches
or other low-risk encounters.

11

A patient with HIV infection won-
ders whether bis response to postex-
posure vaccination will be appro-
priate.

Do immunosuppressed
patients require special
consideration?

Patients who are immunosup-
pressed should postpone preexpo-
sure vaccinations and avoid situa-
tions for which rabies preexposure
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prophylaxis is indicated. If this is
not possible, they should be vacci-
nated by IM injection and have
their antibody titer checked 2-4
weeks after the series. When post-
exposure prophylaxis is needed, it
is also important that a serum sam-
ple be tested for rabies antibody to
ensure that an acceptable response
has developed. The minimum ac-
ceptable antibody level is complete
virus neutralization at a 1:5 serum
dilution ratio by the rapid fluores-
cent focus inhibition test [9]. No ra-
bies postexposure failures have
been attributed to HIV infection.

12

A camper bas bad the first two vac-
cine doses of the postexposure series
when the state laboratory reports
that the skunk that bit him tested
negative. He wonders whether be
should continue the series.

What is the value of a
negative direct fluorescent

antibody test?

The direct fluorescent antibody
(DFA) test for the detection of the
rabies virus antigen in brain tissue
is used as the primary diagnostic
test in every public health labora-
tory in the United States and has a
sensitivity approaching 100% [2].
Rabies diagnosis and prophylaxis
of potential human exposures are
based on the observation that the
rabies virus reaches the salivary
glands and is excreted in saliva
only after replication in the central
nervous system. The absence of the
rabies virus antigen in the brain of
an animal as determined by DFA
examination (ie., a negative diag-
nostic test result) essentially pre-
cludes the presence of the virus in
saliva, the risk of rabies transmis-
sion, and the need for postexpo-
sure prophylaxis. Since the initia-
tion of current testing procedures
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in 1958, there is no evidence that a
false-negative laboratory test has
ever led to rabies in a person who
was subsequently left untreated [19].

Summary

Current public health practices have
made cases of human rabies rare in
the United States. Preexposure pro-
phylaxis is available for select high-
risk groups. Potential exposures to
rabies will continue to occur, and
paticnts will often present to their
physicians for guidance. A careful
history of exposure and, if needed,
consultation with statc health de-
partments can guide the use of post-
exposure  prophylaxis. Appropriate
wound treatment and administra-
tion of rabies vaccines and RIG pre-
vent rabies infection in exposed
individuals. Further information,
including the recommendations
of the Advisory Committee on Im-
munization Practices, can be found
at the following CDC website:
www.cde.gov/ncidod/dvrd/rabies,

Infectious Diseases in Clinical Practice, Vol. 9, No..
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The opinions and assertions herein
represent those of the authors and
are not to be construed as official
or as reflecting the views of the De-
partment of the Army or the De-
partment of Defense.
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